Abstract: In an urbanized city, structural health monitoring is very relevant in arriving at
Introduction
In today's world, structures in highly urbanized area need to be assessed using structural health monitoring techniques. Especially for the predominant materials like reinforced concrete that is available in the construction industry. Concrete comprises of water, cement, sand, and aggregates with some admixtures that bond together to form a heterogeneous/porous material. This heterogeneous material is very complex due to its nonlinear characteristics. Unlike any other materials, concrete proved to be a challenge in the field of non-destructive methods.
Non-destructive testing is a widely used method to examine the structural integrity of the concrete structure at micro level. There were a lot of linear ultrasonic testing procedures in concrete from the past. Combination of linear ultrasonic test using ultrasonic pulse velocity (UPV) and rebound hammer was introduced to test on site strength of concrete [2] . Another combination of ultrasonic pulse velocity (UPV) and ultrasonic pulse amplitude (UPA) was formulated to predict the compressive strength of concrete [3] . With any combination to improve the prediction of strength of concrete, ultrasonic pulse velocity (UPV) is still limited due to its insensitivity to the changes in load [4] . There were also air-coupled impact echo (IE), infrared (IR), and sounding (chain drag) method to test concrete [5] . For the aforementioned methods, non-linear ultrasonic provides promising development due to its sensitivity in crack detection and damage growth. Studies in non-linear ultrasonic waves proved to be sensitively interact with contact-type defects. This includes the opening and closing of cracks formed when loading and unloading occurs [6] . Another method is the acoustic emission test were detecting of crack progression was proved to be effective [7] . One method of non-destructive test is using air-coupled ultrasonic test. In this method, non-contact transducers are used preventing the addition of couplant and any other contact factors that may affect the practical applications of ultrasonic test in a material. Air-coupled sensors were developed in the 1970s and were mainly used for inspection of wood and quality control of paper manufacturing. As a non-destructive test, aircoupled sensing is suitable for evaluation of wood and paper products, art objects, and advanced composite materials used in the aerospace industry [8] .
Air-coupled ultrasonic is slowly gaining popularity, albeit not as much as other NDT techniques. Waves in metals and composite materials have been successfully detected through the application of air-coupled sensors. The air-coupled sensors usually have frequency ranges of 50 kHz up to 1 MHz, depending on the material being tested. Specifically for concrete, a flat frequency response below 100 kHz is ideal. Microphones can be used as air-coupled sensors in this frequency range (usually up to 25 kHz) to detect low frequency leaky waves in concrete. Air-coupled sensing is also relatively insensitive to the surface conditions of concrete. Therefore, it is possible to evaluate the attenuation of leaky waves in concrete. A surface-breaking crack detection test [8] shows that leaky surface waves are sensitive to the existence of cracks as waves propagate across the cracks.
Air-coupled sensing has its advantages compared to contact stress-wave based non-destructive methods such as acoustic emission. Air-coupled sensing being non-contact enables fast scanning of large structures. It enables the study of the influence of defects on wave attenuation. Also, without the effects of coupling on the surface, the amplitude information that is obtained is dependable and consistent. Air-coupled sensing is a non-contact non-destructive method that detects the acoustic wave fronts which leak from waves transmitted from the solid material [9] .
In this paper, reinforced concrete beam was designed and four point bending test was performed with repeated load to show the relationship of the concrete beam's load and strain to the peak to peak amplitude from the air-coupled ultrasonic test.
Reinforced Concrete
There were three single reinforced concrete beams with water cement ratio of 0.60 having specimen size of 100mm x 100mm x 400mm. The reinforcing bar used was 9mm diameter (JIS SS400) and was placed at the bottom of the beam with a concrete cover of 10mm as shown in Fig.1 . Shown in TABLE I is the design mix of concrete used in the paper. 
Test Methods
The three beam specimens were tested using four-point loading test. The instrumentation for the air-coupled test was made having an inverted layout as seen in Fig.2 to properly place the air-coupled transducers along the mid span of the beam where tension occurred. Location of the strain gauges were placed at mid span and longitudinally along the beam positioned at the top and the bottom faces of the beam. Loading and unloading paths as seen in Fig.3 were made to relate the behavior of the air-coupled ultrasonic test results' peak to peak amplitude with the load and average strain experienced. The air-coupled ultrasonic transducers (transmitter and receiver) were oriented 8degrees from the vertical axis and was focused on the mid span tension side were the bending/tension cracks occurred as seen in Fig. 4 . 
Results and Discussions
Sample wave form for the 1 st specimen is seen in Fig5. The load represented in this time-domain figure is the load when it first experienced 0%, 20%, 40%, 60%, and 80% correspondingly the step load at 0, 1, 12, 33, 64. It can be noticed that the peak to peak amplitude varies with respect to the load. The three beam specimens were averaged to analyze the peak to peak amplitude with the load and strain. In order to reduce the effect of scaling between all specimens, it was normalized using equation 1.
Normalized Peak to Peak Amplitude (dB) = 20* log (A1/A0) Equation 1
Where: A1 -peak to peak amplitude at any load (volts)
A0 -maximum peak to peak amplitude throughout the test (volts)
The relationship of the averaged normalized peak to peak amplitude of the three beams is seen in Fig.6 . The initial from step load 1 and 2 behaved inconsistent due to the initial state of the concrete before it stabilizes opening and closing of cracks according to the load applied. It can be noticed that the normalized peak to peak amplitude was sensitive to load especially from the step loads 31 to the end where it experiences loading and unloading from 0 to 60% of load. Incremental damage was seen to be consistent in each cycle of loading and unloading. As seen in Fig. 6 , the incremental damage at the 3 rd cycle of 0 to 60% load was 1.35dB. Another noticeable drop in the amplitude can be observed in step loads 11 to 14 where the reinforced concrete beam experienced for the 1 st time the percent load of 40%. Fig.7 is the average tension and compression strain at the top and the bottom fiber respectively as illustrated in the actual test setup. The compression zone that resisted bending at the bottom of the inverted setup was due to the concrete alone. The maximum compressive strain that concrete can attain is 0.003m/m. In this case, the maximum compressive strain that it experienced is 0.002m/m until the beam failed. The combination of concrete and reinforcing bar becomes complicated in tension zone since the resistance to tension due to bending maybe be done by the concrete and reinforcing bar combined.
Since the air-coupled ultrasonic test was focused on the tension side (mid span top portion of the inverted setup), then the relationship of the air-coupled normalized peak to peak amplitude was correlated with strain in Peak to Peak Amplitude tension as seen in Fig.8 . After step load 31 until the beam failed, the relationship between the two was sensitively inversely proportional each other.
To investigate Fig.8 , especially the portion before step load 31, Fig.9 was considered. It can be seen that the big drop of 1.25dB was observed. The sudden drop of normalized peak to peak amplitude was experienced at the time that the strain in tension is 8% of 0.003m/m. This value of strain was related to the tensile splitting strength of concrete.
In Fig.6 , incremental damage was introduced to be consistent with each load cycle that occurred in the experiment. Shown in Fig.10 was the incremental damage of the step loads. It was consistent except for the first time it experience a load of 40% or a strain in tension about 8% of 0.003m/m. This can be due to the full activation of steel bars to resist tension. Step Load dB average strain in tension 
Conclusions
It was found out that the normalized peak to peak amplitude of the air-coupled ultrasonic test was sensitive and inversely proportional to the percentage load and the average strain along the tension face where the transducers were placed. It was also noted that there was a significant drop on the normalized peak to peak amplitude when the strain on the tension side experienced more than 8% of 0.003m/m which was closely related to the approximate tensile splitting strength of concrete. The incremental damage for each cyclic loading and unloading was consistent except when it experienced a sudden drop of normalized peak to peak amplitude at the first time it experienced 40% load or a strain of 8% of 0.003m/m in tension.
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